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HIGH SUPERSONIC RUDDER EFFECTIVENESS AND EFFECT OF

SILTS POD ON A 0.020-SCALE (REMOTELY DRIVEN CONTROL SURFACE)

MODEL 106-0 SPACE SHUTTLE ORBITER TESTED IN THE
NASA/LaRC 4-FOOT UNITARY PLAN WIND TUNNEL (LA-131)

Abstract

The investigation was conducted in the NASA/Langley Research
Center Unitary Plan Wind Tunnel Test Section 2 from January 21 to
February 29, 1980. The model was a 0.020-scale high-fidelity model
built by R.I. and modified by the Langley Research Center to have
remotely driven left and right elevons, body flap, and rudder.

The objectives of the test were to:

1.

Define the orbiter rudder effectiveness in detail for
enhancement of the aerodynamic data base.

Determine the difference in aerodynamics between a
filled speedbrake base (the configuration used for
most of the data base) and the scaled, open speedbrake
base.

Determine the effect of the Shuttle Infrared Leeside
Temperature Study (SILTS) pod, mounted on the tip of
the vertical tail, on the aerodynamic characteristics
of the orbiter.

Generally supplement all control effectiveness data.
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A)

B)

C)

D)

E)

F)

G)

H)

I)

INDEX OF DATA FIGURES (Concluded)
PLOTTED COEFFICIENT SCHEDULE

Cys Cp(BODY), Co(BODY), Cys Cps Cp VS 6y

CYGr’ Cn6 (BODY), Czdr(BODY) VS a

r
Cy Vs as Cy vs Cps €L vs a, G Vs Cp> L/D vs o, Cp vs o
Cy, Cp(BODY), C,(BODY) vs 8
, Y), BODY

Cy, CnB(BOD ) CQB( 0DY) vs o
Cy. » Cpn, (BODY), Cg, (BODY) vs a

sa° N84 83
CN> Cme Cas CLs Cp» L/D, Cy, C,(BODY), C,(BODY) vs &g

Cn» Cms CAs CLs Cps L/Ds Cys Cn(BODY), Cq(BODY) vs 6

CN, Cm, Cas CL’ CD, L/D, Cy, Cn(BODY), CQ(BODY) VS SgR



NOMENCLATURE

SYMBOL MNEMONIC DEFINITION
General
a speed of sound; m/sec, ft/sec
Cp cp pressure coefficient; (p1 - p,)/q
M MACH Mach number; V/a
pressure; N/m?, psf

Q(NSM) dynamic pressure; 1/2oV?, N/m?, psf

Q(PSF)
RN/L RN/L unit Reynolds number; per m, per ft
) velocity; m/sec, ft/sec
a ALPHA angle of attack, degrees
B BETA angle of sideslip, degrees
Y PSI angle of yaw, degrees
) PHI angle of roll, degrees
0 mass density; kg/m?®, slugs/ft?

Reference & C.G. Definitions

Ay base area; m?, ft?

b BREF wing span or reference span; m, ft

c.g. center of gravity

LREE LREF reference length or wing mean

c aerodynamic chord; m, ft

S SREF wing area or reference area, m’, ft?
MRP moment reference point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
IMRP moment reference point on Z axis




SYMBOL MNEMONIC
CN CN
CaA CA
Cy cY
CAb CAB
CAf CAF
Cn CLM
Cn CYN
Cq CBL
CL CL
Cp cD
CDb CDB
CDf CDF
Cy cY

NOMENCLATURE (Continued)

DEFINITION

Body-Axis System

normal force
qS

axial force
qS

side-force coefficient; §l§§a£9££§

normal-force coefficient;

axial-force coefficient;

base force

base-force coefficient; 3

-Ap (Pb - Pw)/GS
forebody axial force coefficient, Cp-Cay

pitching moment
Seper

pitching-moment coefficient;

yawing-moment coefficient; yaw1ngsgoment

rolling-moment coefficient; r011;2g moment

Stability-Axis System

1ift coefficient; it

drag coefficient; 95%9

base-drag coefficient; 9§§%§QE29

forebody drag coefficient; Cp - CDb

side force

side-force coefficient; S



SYMBOL
Cm

GeR
Ser1
6€L¢

fer1
(SeR¢

MNEMONIC

CLM

CLN

CSL
L/D
L/DF
DCY/DR
DCYNDR
DCBLDR
DCY/DB
DCYNDB
DCBLDB
DCY/DA
DCYNDA
DCBLDA
BDFLAP

ELV-L
ELV-R
ELV-LI

ELV-LO

ELV-RI
ELV-RQ

NOMENCLATURE (Continued)

DEFINITION

t- pitching moment

pitching-moment coefficien
9S¢REF

g moment
qSb

yawing-moment coefficient; Y2Win

te rolling moment

—— Fici
rolling-moment coefficien aSh

1ift-to-drag ratio; C /Cp

1ift to forebody drag ratio; CL/CDf
side force due to rudder deflection
yawing moment due to rudder deflection
rolling moment due to rudder deflection
side force due to beta

yawing moment due to beta |

rolling moment due to beta

side force due to aileron deflection
yawing moment due to aileron deflection
rolling moment due to aileron deflection

body flap deflection. Positive, trailing
edge down, degrees

left elevon deflection. Positive trailing
edge down, degrees

right elevon deflection. Positive trailing
edge down, degrees

left inboard elevon deflection
left outboard elevon deflection

right inboard elevon deflection
right outhoard elevon deflection

10




NOMENCLATURE (Concluded)

SYMBOL  MNEMONIC DEFINITION
DEL Incremental difference between inboard and outboard
DER elevon deflections
Sy RUDDER Rudder deflection. Positive, trailing edge Teft,
degrees
84 AILRON Aileron deflection. Positive when L.H. elevon is
more trailing edge down than R.H. elevon, degrees
So ELEVON Elevon deflection. Positive trailing edge down,
degrees
Sop SPDBRK Speedbrake deflection. Angle between the inside faces
of the left and right panels, always positive, degrees
PB1, PB2 Orbiter base pressures
CPB1, CPB2 Orbiter base pressure coefficients
A.C. CLM/CN Aerodynamic center
CAU,CDU Unadjusted axial force, drag, pitching moment and
CLMU,CLU 1ift coefficients
DEL@,DERQ Incremental left and right inboard and outboard
DELI,DERI elevon deflections
E-LORI Left outboard and right inboard elevon setting for
runs employing symmetric differential deflections
between inboard and outboard segments
E-LIRO Left inboard and right outboard elevon setting for
runs employing symmetric differential deflections
between inboard and outboard segments
CLSQ (CL)?
DCLM Flow angularity correction to pitching moment
SUBSCRIPTS
b base
1 local
S static conditions
t total conditions
w free stream

11



CONFIGURATIONS INVESTIGATED

The test model was a 0.020-scale model of the Space Shuttle
Orbiter (Figures 2 and 3). The model was constructed by Rockwell
International as a high-fidelity verification model. It was modified
at the Langley Research Center to have remotely controlied left and
right elevons, body flap, and rudder. The control surfaces were
driven by electric motors and the control position was determined by
high resolution potentiometers mounted on the axis-of-rotation of the
surface. This system presented the true position of the surfaces
within the accuracy of the potentiometer which was determined to be
0.29.

The model had removeable blocks that filled the base of the speed-
brake at speedbrake angles of 550, 709, and 87.20. The model was also
tested with the lower two main engine nozzels on and off. Tests were
made with and without the SILTS pod in place on the tip of the vertical
tail. The inboard and outboard segments of each elevon could be fixed
at differential deflections of *2%0 and *50 but could not be indi-
vidually driven remotely.

The following nomenclature was used to designate the mode]

components:
Component Definition

Bys 0V102 fuselage including T-zero umbilical
panels, crew hatch, and cargo bay door gaps.

Ci6 Canopy including recessed windshields and
observation windows.

Ega Elevons, including elevon/elevon and elevon/
fuselage gaps.

Fi6 Body flap.

12




Component

FRZZ

Wi31

CONFIGURATIONS INVESTIGATED (Concluded)

Fairings for the forward cargo bay door
hinges, 6 per side.

Cargo bay door hinges, 13 per side
OMS pods.
Forward RCS thruster nozzle ports.

Main propulsion system nozzles (inner
surface cut away for sting clearance).

OMS nozzles.
Aft RCS thruster nozzles and ports.

Rudder, split into left and right speed
brake panels. '

Vertical tail.

Cargo bay vents, 4 per side.

Wing/landing gear bay vents, 1 per side.
Cabin vents, 1 per side.

Forward RCS vents, 1 per side.

Aft fuselage vents, 1 per side.

OMS RCS vents, 1 per side.

Flipper door vents.

Miscellaneous vents, ports and penetrations.

0V102 wing.

13



TEST CONDITIONS

The tunnel conditions existing during the test are summarized in
Table I and the configurations tested are shown in Table II. The model
was sting supported, and the aerodynamic forces and moments were
measured by an internally mounted six-component strain gage balance.
In an attempt to insure turbulent flow over the model, strips of
carborundum grit were applied to the wing, vertical tail, and nose
as shown in Figure 2. Model angle of attack was varied from about
_0to 32° for angles of sideslip of 00 and 20. Sideslip angles were
varied from -6° to 6° at angle of attack of 50, 10°, 159, and 20°.
Angles of attack and sideslip have been corrected for the effects of
sting deflection under load. Runs were made either by setting control
surface at a fixed angle and varying angle of attack or sideslip or by
varying the control angle at a given angle of attack and sideslip.

14




TEST FACILITY DESCRIPTION

The NASA LaRC 4-foot Unitary Plan Wind Tunnel (UPWT) is a closed-
circuit continuous flow, variable density facility. The test section
is 4 feet by 4 feet by 7 feet long.

Two tunnel legs are available for supersonic testing in the Mach
number ranges 1.47 to 2.86 (Leg No. 1) and 2.29 to 4.63 (Leg No. 2).
Leg No. 2 was used for this test. An asymmetric, sliding block nozzle
position and total pressure setting provide the test Mach numbers at a
specified Reynolds number. Reynolds number can be varied from 0.76 to
7.78 million per foot. Available stagnation pressure variation is 4.0
to 142 psia. Dynamic pressure variation is 95 to 1260 psf with normal
operating stagnation temperature about 150°F in Mach modes 2 or 3 and
about 1759F in Mach mode 4. The tunnel is equipped with a dry air
supply, an evacuating system, and a cooling system. The facility power
is approximately 83,000 horsepower.

Model mounting provisions consist of various sting arrangements,
including axial (longitudinal), lateral (independent pitch and yaw),
and roll movement with side wall support. A Schlieren system and oil
flow visualization equipment are available. Data are recorded at the
tunnel and reduced off-line at the Langley Computer Center. The tunnel
is used for force and moment, pressure, and dynamic stability tests.
Hot and cold jet effects and heat transfer have been studied in the
UPWT.

15




DATA REDUCTION

The force and moment data contained herein were measured by an
internal six component strain gauge balance as described in Table I.
The data were reduced to non-dimensional coefficient form utilizing
the following full scale reference dimensions:

SpeF © wing planform area = 2690 ft?
LREF T wing mean aerodynamic chord, € = 474.81 inches
bREF = wing span = 936.68 inches

Moments are given about a reference center of gravity located at:

Fuselage Station 1076.68
Water Line 375.00
Butt Line 0.0

Other critical dimensions are shown in Figure 1C.

Although base pressures were measured, no corrections were applied

to the balance data.

16




TEST ¢ LA131

DATE 2 Jan. 1980

TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE $TAGNATION TEMPERATURE |
MACH NUMBER (per unit length) (pounds/sq. inch) 1 (degrees Fahrenheit)
2.5 2 x 10¢ 2.84 1250
3.0 2 x 10° 2.48 1250
3.5 2 x 10° 2.11 1259
4.0 2 x 10° 1.90 1500
4.5 2 x 10® 1.59 1509
BALANCE UTILIZED: LaRC 840

*
CAPACITY: ACCURACY: %%EE’;'X,"%NET

NF 800# +44 .0091 - .0162

SF 2504 +1,254 .0028 - .0051

AF 125 + 6254 -0014 - .0025

eu 1600 in-# +8 in-# .0019 - .0034

RM 500 in-# +2.5 in-# .0003 - .0005

ym __500 in-# £2.5 in-# .0003 - .0005

COMMENTS:  *Coefficient tolerances shown for the range of
dynamic pressure tested.

17
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Figure 1b.

Control Surface Deflections
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Figure 1. Continued.
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Figure 2. Continued.
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AEEE——————

0.1 inch strip of no. 35 grit

at 0,5 inches measured streanwise

MAIN VING and VERTICAL TAIL
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d. Position of transition grit used in investigation
Figure 2. Conc1pded.
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APPENDIX
TABULATED SOURCE DATA

VOLUME II - 17A332 and 27A88% DATASETS
VOLUME III'- 37A888 and 47A%33 DATASETS

Tabulations of plotted data are available from Data Management Services
upon request,
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